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The decay DT — K~ rte™ v, has been studied in the Fermilab pho-

toproduction experiment E691. The ratio of branching ratios, B(D+ —
K*etv,)/B(D* — K-n+nt), is found to be 0.49 + 0.04 % 0.05, corre-
sponding to a Dt — R;‘Ee"'ue branching ratio of (4.5 £ 0.7 + 0.5)%. The
branching ratio to the non-resonant (K~n%)ygev. final state is found to
be less than 0.7% at the 90% confidence level. The K*0 mesons have a ratio

of longitudinal to transverse polarization of 2.41'(1):57) +0.2.
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The heavy quark decays which are least complicated by the strong interactions are
semileptonic decays of the pseudoscalar mesons. With only two quarks in the final state
there are no interfering diagrams or final state interactions. Because of this simplicity, the
semileptonic decays are used to evaluate the Kobayashi-Maskawa matrix elements which
define the weak quark eigenstates. For the DY and D the semileptonic final states Kev,
and K*ev. are expected to dominate, while for Bg and BT, Dev, and D*ev, play the
analogous role. In order to extract the K-M matrix elements from experimental data the
transition form factors must be computed from theory. This is easiest in the pseudoscalar
final-state meson case, where only one form factor is needed. Consequently, the pseu-
doscalar modes will almost certainly be our main source of information on the K-M matrix
for heavy quarks, as they have been in the past for the light and strange quarks. The only
independent test of the models for the form factor evaluation is in the more complicated
vector final states. In this paper we present data for such a decay, Dt — RTO-e'*'Ve. All
results presented include the charge conjugate case.

The observation of this state, in which the neutrino is unobserved, is possible in Fermi-
lab photoproduction experiment E691 because we can require a well-isolated decay vertex
of the proper topology. The high precision silicon microstrip detector, used for this pur-
pose, and the E691 spectrometer have previously been described in detail.1'2 The signal to
background is improved further by requiring well-identified electrons. Electrons are iden-
tified by the pattern of energy deposition in the electromagnetic calorimeter. An electron
probability is defined using (a) the ratio of shower energy to track momentum, (b) the
transverse shower width, (c) the fraction of energy deposited in the downstream hadron
calorimeter, and (d) the difference between the projected track position and that of the
shower centroid. For this study we use electrons with an electron probability correspond-
ing to a typical efficiency for electrons and pions of 61% and .3%, respectively. A cleaner
electron sample with electron and pion efficiencies of 44% and .13%, respectively, is also
discussed. To suppress electrons from pair conversions from 70 decays we eliminate elec-
trons for which the other member of the pair is also seen in the spectrometer, and only
electrons of energy greater than 12 GeV are used. Electrons consistent with beam pair

conversions are not allowed.

Three particle Kre combinations are selected using only tracks which are well defined
in the microstrip and drift chamber systems. The pion is required to pass through at least
the first magnet while the electron and kaon must pass through both magnets. The kaon,

pion and electron tracks must emanate from a decay vertex separated from the primary
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event vertex by 10 standard deviations plus an additional distance corresponding to 0.2 ps
proper decay time. The x2 per degree of freedom of the decay vertex is required to be less
than 3.5. The Cerenkov probability for both the kaon and pion must be greater than 0.4.
Only neutral K7 combinations are used. Combinations in which the kaon and the electron
have opposite (same) charges are labelled right (wrong) sign combinations.

Another vertex cut requires that the D+ line of flight point back to the primary vertex.
The maximum neutrino momentum, transverse to that of the Kme momentum, is given by
the energy of the neutrino in the D frame, which is calculated from the Kxe mass. This
defines the maximum displacement of the Kwe line of flight at the primary vertex due to
the missing neutrino. The Kre line of flight must point back to the primary to within this
distance plus 2.5 times the resolution. Backgrounds are further reduced by requiring that
all of the decay tracks pass closer to the decay vertex than to any other possible vertex.
No other track is allowed to pass within 65 microns (typically 3.3 standard deviations) of
the decay vertex. Seven events in which the electron could have been a misidentified pion
from the dominant D* — K~ #nt#t decay are removed, of which 3 + 3 actually are due to
K- ntxt decays. A number of D*t — #+D? D0 — K~e* 1, events in which the bachelor
pion appears to come from the decay vertex due to the low Q value of the D** decay are
also removed. The few events with Kme masses greater than the Dt mass or with decay

times longer than four DY lifetimes are also eliminated.

The K7e mass spectrum of the remaining 318 right sign and 66 wrong sign combinations
is shown in Fig. 1. The shape of this spectrum, with the wrong sign background subtracted,
is in very good agreement with the shape predicted in a Monte Carlo simulation of the
experiment, to be discussed below. The decay time distribution of the signal is also in
excellent agreement with the Monte Carlo. To check that wrong sign events are a good
measure of the background, the data have been studied with a variety of tighter cuts. For
example, by requiring the tighter electron identification probability, a kaon probability
greater than .5, and a X2 per degree of freedom for the secondary vertex less than 1.75, a
sample of 169 right sign, and 14 wrong sign events is obtained. While the background has
been reduced by a factor of 5, the signal is smaller by the ratio of efficiencies within the

statistical errors.

The K7 mass spectrum for the right and wrong sign events, using the standard cuts is
shown in Fig. 2a. It is clear that the DT decays are dominated by the K* resonance. The

K7 mass spectrum for the case of the tight cuts is shown in Fig. 2b.

We evaluate B(D* — K_7r+c+ue) by comparing the number of events observed in
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this mode and in the mode D* — K7+ 7+, and use the MARK III value3 for B(D* —
K~#ntxt). This requires knowledge of the ratio of our detection efficiencies for the two
modes. The DT — _I_(-Ee"'ue Monte Carlo events were generated using the three transition
form factors taken from Bauer, Stech, and Wirbel. The non-resonant Dt — K~ rtetu,
event generation uses a phase space mass distribution with the K7 system in an S-wave
state. The Monte Carlo events are processed through the same reconstruction and analysis
programs as the real data. Using electron pairs in the data, the electron detection efficiency
has been measured as a function of the electron energy, the electron angle, and the total
transverse energy in the electromagnetic calorimeter. The measured electron detection

efficiencies have been incorporated into the Monte Carlo.

Due primarily to the 12 GeV electron energy cutoff, the detection efficiency is sensi-
tive to the electron energy spectrum. Including the effects of real radiation by electrons
in target and detector material, and of the radiative correction to the electron energy
spectrum, the detection efficiencies for the cases of longitudinal and transverse K*0’s are
(1.55 + 0.06(stat))%, and (1.20 % 0.05(stat))%, respectively. Using the observed ratio of
longitudinal to transverse rates of 2.4f(1):g + 0.2, to be described below, the effective detec-
tion efficiency is (1.41 +0.05 +0.11)% where the systematic error includes the uncertainty
in the electron efficiency (7%), the D* production model (2%), the amount of radiating
material (2%), and the effect of the uncertainty in the longitndinal to transverse ratio (2%).
The detection efficiency, (M), has been evaluated for each set of cuts as a function of
the Kx mass for the S-wave case. The efficiency for the case of the K* is C X ¢(Mg+) where
C = 1.064.

In Fig. 2a and 2b are seen results of maximum likelihood fits of the loose and tight
cut data to the form,

€(Mg,) X [(C X Ng-) x BW(Mg,) + N1 x SW(Mg,)],

where Nk» is the efficiency corrected number of K* events, N is the efficiency corrected
number of non-resonant and background events, BW(Mx,) is the Breit-Wigner distribu-
tion, and SW(Mg,) is the S-wave mass distribution. The wrong sign data is fit to the
S-wave form with NWS the resulting efficiency corrected number of wrong sign events. The
fits to the data are shown in Figs. 2a and 2b, where it is seen that the background is well
fit by the S-wave phase space distribution. The number of observed K*’s from the fit is
227 + 20. The Dt — (K~ nt)ygretve contribution is calculated subtracting NWS from

N; with the resulting observed nonresonant contribution of 25 + 18 events. The efficiency
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corrected numbers are used in the evaluation of the branching ratios. The efficiency cor-
rected numbers of K* and non-resonant events are the same with the tight cuts, within

statistical errors.

The most serious non-charge symmetric background is due to the decay
Dt — K-n+nt 70 where one of the charged pions is misidentified as an electron and the

0 is undetected. Using a Monte Carlo simulation of this decay, which uses experimentally

Vg
determined misidentification probabilities, we find that, for the K* and the non-resonant

cases, corrections of 1 + 1 events and 3 + 3 events, respectively, are required.

The Dt — K~ 7t 7+ sample, using similar vertex and Cerenkov cuts, contains 213650
events. This sample is useful not only in evaluating the branching ratio but also for checking
that the Monte Carlo production model produces kinematic distributions consistent with
the data. Indeed, the D" momentum distribution, which is crucial due to the momentum
dependence of the spectrometer acceptance, is described very well by the Monte Carlo.

We find a ratio of branching ratios,
(B(D+ - Wﬁue)) / (B(DT - K=atnt)) = 0.49 £ 0.04 + 0.05 ,

where the correction for the unobserved K*0 — KOx? decay is included. The system-
atic error includes the errors in the relative detection efficiency of the two modes (9%),
uncertainties in the ratio of luminosities for the two modes (1.4%), and the effects of un-
certain background and non-resonant spectrum shapes (2.5%). Using the Mark III value3
(9.1 £1.3+0.4)% for B(DT — K~7xT) we obtain,

B(Dt — K¥0etv,) = (4.5 +0.7 + 0.5)%.

Here the statistical and systematic errors from the two experiments have been combined
separately in -quadrature. The branching ratio to the non-resonant Kr state is found to
be,

B(Dt — (K~ 77)NreTve) = (0.3 £ 0.2 + 0.2)%,

which is less than 0.7% at the 90% confidence level.

The polarization is determined from the angular distribution W(f) = 1+ acos?4,
where 8 is the angle of the K* decay pion with respect to the Dt direction in the K*
frame. The ratio of longitudinal to transverse polarization is, I'y /Tt = (1 + a)/2, which
has the value 0.5 for unpolarized decays. To define the kinematics, with the missing neu-

trino, the direction between the primary and decay vertices is chosen as the direction of the
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D+ momentum. The Dt momentum is then defined within a twofold ambiguity. Monte
Carlo studies indicate that the solution with the lowest momentum for the Dt is more
often the correct one. This produces the cos 6 distribution shown in Figure 3a. Here only
events in the K7 mass range .840 < Mg, < .960 GeV/c2 are used. This plot contains an
estimated 9% background and 3% non-resonant events. To see the effect of the experi-
mental resolution and of the twofold ambiguity, the Monte Carlo simulation of a 100%
longitudinal distribution is shown in Figure 3b. The result of the fit to the data, shown in
Figure 3a, after correcting for the different detection efficiencies for the longitudinal and
transverse components is,
/T =24737+02.

Using the value, 7p+ = 1.090 £ 0.030 + 0.025 ps! the D+ — K*Oe* v, transition rate is
(Dt — K*0etv,) = (4.1 £0.7 £0.5) 10'%ec!. This rate is equal to the transition rate,
I'(D? — K" etw), by isospin invariance and can be compared with the transition rate
for the pseudoscalar semileptonic decay, I‘(D0 — K etre) =(9.0+1.1+1.2) 1010sec—1,6
which is in general agreement with predictions.®” The ratio of transition rates can be

expressed as,
T(D+ — K9etu,)/T(D® — K™etve) = A x [B(D+ —K-rtrt)/B(D - K_7r+)] .

In this expression A is the combination of quantities measured in E-691,

_ | B(DT=K*%etv,) B(D°—K-7t)

A= [B(D+—->K'7r+7r+)j| [B(Do_,K—eﬁ,e) X Tpo/TD+,

in which some of the systematic effects cancel. The value of A is 0.208 £ 0.025 + 0.027.
Taking the ratio of hadronic branching ratios from Mark I113 and separately combining in

quadrature the statistical and systematic errors for the two experiments we have,
r(Dt — K*0ets,)/T(D® — K~ et ve) = 0.45 +0.09 +0.07,

which is about half of the theoretically expected value.

The DT — K*—de'*'ue results presented here and the D% — K—e*v, branching ratio from
this experiment® are in rough agreement with preliminary results from Mark II1.8 The very
small non-resonant branching ratio is significantly less than that found by Mark 1,2 but is
consistent with results of the ACCMOR Collaboration.? The very large ratio of longitudinal
to transverse polarization appears to be consistent with the small D+ — K*0et v transition
rate in a model by M. Bauer and M. Wirbel.10
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FIGURE CAPTIONS

Fig. 1. Spectrum of K¥r£e* masses for the standard cuts. The wrong sign (K¥n%eT)
distribution is superimposed (dashed line).

Fig. 2. The K7 mass spectrum with right sign (solid) and wrong sign (dashed)
combinations; (a) loose cuts; (b) tight cuts. The curves are the fits described in the
text.

Fig. 3. The cos @ distributions: (a) The cos 8 distribution of the data. The fit shown is
for I'y,/TT = 2.4. (b) A Monte Carlo simulation for a 100% longitudinally polarized case

(perfect cos 82 distribution). The effect of the experimental resolution and the quadratic
ambiguity is to make a distribution which is well fit by 1+ K cos? 8 where K is a constant.
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